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LINE DRIVER WITH CURRENT SOURCE 
OUTPUT AND HIGH IMMUNITY TO RF 

SIGNALS 

The invention relates to line drivers, in particular to a 
driver for the LIN-bus (Local Interconnect Network). The 
LIN-buS is used in automotive applications and is a concept 
of a Single master and multiple Slaves connected to a single 
buS wire. The buS wire is connected to a Supply Voltage 
which is positive relative to ground by means of an external 
pull-up resistor which keeps the bus wire in a recessive 
Voltage level corresponding to a relatively high positive 
Voltage near to the positive Supply Voltage. The master and 
the slaves have a built-in line driver for pulling down the bus 
wire Voltage to a dominant Voltage level corresponding to a 
relatively low positive Voltage near to ground level in 
response to a data Signal. 

The EMI (Electro Magnetic Immunity) performance of a 
LIN bus driver used in an automotive environment is a very 
important parameter. RF (Radio Frequency) disturbances on 
the line driver output can result in misinterpretation of the 
recessive and dominant Voltage levels, or can result in an 
asymmetrical propagation delay between the rising and 
falling edges of the LIN-bus signals, which causes a duty 
cycle different from the desired 50%. Both can be a cause for 
faulty communication. 
A current Source output Stage is a good choice with 

respect to EMI. Such a current Source output Stage allows 
the RF disturbances to be Superimposed on the original 
LIN-bus signal. The RF disturbances can be filtered out by 
means of low-pass filters at the inputs of the receivers. 
However, the RF disturbances not only reach the inputs of 
the receivers, but also penetrate into the driver stage of the 
current Source output Stage of the line driver, mainly through 
the drain-gate or collector-base capacitance of the output 
transistor of the current Source output Stage, and can cause 
unwanted intermodulation effects or oscillations. 

It is an object of the invention to provide a line driver 
which is robust and has a high immunity to penetrating RF 
Signals. According to the invention this object is achieved by 
a line driver comprising: 

a driver output terminal for connection to a line to be 
driven; 

a reference terminal for connection to a reference Volt 
age, 

a current Source output transistor having its first main 
electrode coupled to the reference terminal and its Second 
main electrode coupled to the driver output terminal for 
providing between the driver output terminal and the refer 
ence terminal a current which is Substantially proportional to 
an input Signal; and 

a driver Stage for providing a drive signal for a control 
electrode of the current Source output transistor in response 
to the input signal, the driver Stage comprising: 

a first resistor connected between the control electrode of 
the current Source output transistor and the reference 
terminal, a reference transistor having a control electrode, a 
first main electrode connected to the reference terminal and 
a Second main electrode coupled to an input node, the input 
node being connected to receive the input signal, the control 
electrode of the current Source output transistor and the 
control electrode of the reference transistor being connected 
to receive an output Signal from an output of a first differ 
ential amplifier having an inverting input coupled to a bias 
Voltage Source and a non-inverting input coupled to the input 
node. 

The first resistor of the driver stage provides a low 
impedance path to ground for RF disturbances reaching the 
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2 
control electrode of the current Source output transistor 
through the capacitance between the Second main electrode 
and the control electrode of the current Source output 
transistor and prevents these disturbances from penetrating 
the driver Stage. The reference transistor and the current 
Source output transistor are Scaled copies of each other. 
Therefore, the current flowing through the current Source 
output transistor is proportional to the current flowing 
through the reference transistor. The first differential ampli 
fier keeps the Voltage at the input node at a level dictated by 
the bias Voltage Source and provides a drive signal to the 
gates of the current output transistor and the reference 
transistor in Such manner that the output current provided by 
the current output transistor is proportional to the input 
Signal. 

The immunity to penetrating RF signals can be enhanced 
by the embodiment as claimed in claim 2. In this embodi 
ment the reference transistor and the output transistor have 
Separate resistors between their control electrodes and the 
reference terminal and also have Separate differential ampli 
fiers having inputs connected to the same bias Voltage Source 
and the same input signal. This dual driver concept improves 
the Suppression of unwanted RF signals. 

The embodiment of claim 3 is a very simple transistor 
implementation of the dual driver concept. 

The embodiment of claim 4 provides a quick charging of 
any parasitic capacitance at the input node and prevents 
delay when the input Signal for the driver Stage is a current 
which changes in response to a data Signal. 

These and other aspects of the invention will now be 
described and elucidated with reference to the accompany 
ing drawings, in which 

FIG. 1 shows a schematic diagram of a LIN bus and 
Signals occurring in the LIN bus, 

FIG. 2 shows a circuit diagram of a first embodiment of 
a line driver according to the invention; 

FIG. 3 shows a circuit diagram of a second embodiment 
of a line driver according to the invention; 

FIG. 4 shows a circuit diagram of a third embodiment of 
a line driver according to the invention; and 

FIG. 5 shows a circuit diagram of a fourth embodiment 
of a line driver according to the invention. 

In these Figures like parts bear like reference Symbols. 
The line driver according to the invention is particularly 

useful in the LIN-bus (Local Interconnect Network) which 
is used, for example, in automotive applications. FIG. 1 
shows a Schematic diagram of a LIN-buS and Signals occur 
ring in the LIN-bus. The LIN-bus is a concept of a single 
master node MSTR and multiple slave nodes SLV connected 
to a single LIN-bus wire LB. The LIN-bus wire LB is 
connected to a positive supply terminal PST by means of a 
pull-up resistor R1 in series with a decoupling diode D1. The 
decoupling diode D1 prevents current flowing from the 
LIN-bus wire LB to the positive supply terminal PST. The 
positive Supply terminal PST receives a positive Supply 
voltage VBAT relative to a reference terminal GND which 
Serves as Signal ground. The pull-up resistor R1 keeps the 
buS wire at a recessive Voltage level RSV corresponding to 
a relatively high Voltage near to the positive Supply Voltage 
VBAT. The master and slave nodes have a built-in line driver 
for pulling down, when a data Signal TXD is being 
transmitted, the LIN-buS wire Voltage V, to which a 
dominant voltage level DMT corresponds to a relatively low 
Voltage near to ground level in response to the data Signal 
TXD. Each node also has a built-in receiver (not shown) 
which processes the Signal RXD received from a transmit 
ting node. 
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The EMI (Electro Magnetic Immunity) performance of a 
LIN transceiver used in an automotive environment is a very 
important parameter. RF (Radio Frequency) disturbances on 
the line driver output can result in misinterpretation of the 
recessive and dominant Voltage levels, or can result in an 
asymmetrical propagation delay between the rising and 
falling edges of the LIN-bus signals, which causes a duty 
cycle different from the desired 50%. Both can be a cause for 
faulty communication. A line driver with a current Source 
output Stage is a good choice with respect to EMI. Such a 
current Source output Stage allows the RF disturbances to be 
Superimposed on the original LIN-bus signal. The RF dis 
turbances can be filtered out by means of low-pass filters at 
the inputs of the receivers. 

FIG. 2 shows a line driver with a current source output 
Stage. The pull up resistor R1 and decoupling diode D1 
connect the LIN-bus wire LB to the positive supply voltage 
terminal PST. A current Source transistor T1 in series with a 
diode D2 are connected between the reference terminal 
GND and the LIN-bus wire LB. The first main electrode or 
Source of the current Source transistor T1 is connected to the 
reference terminal GND and the second main electrode or 
drain is connected to the LIN-bus wire LB through the diode 
D2. Diodes D1 and D2 prevent current flowing from the 
LIN-bus wire LB to the positive Supply terminal PST or to 
the reference terminal GND. Diode D2 is necessary because 
of the parasitic diode present in the current Source transistor 
T1. 

The line driver further comprises a driver stage DRV 
which drives the control electrode or gate of the current 
Source transistor T1 with a drive signal DS in such manner 
that the output current provided by transistor T1 is propor 
tional to a current J1 supplied by a current source CS1 to an 
input node X of the driver stage DRV. The output current 
pulls down the LIN-bus wire LB with a well-defined linear 
transition for good EME (Electro Magnetic Emission) per 
formance. 

The driver stage DRV is implemented with a first resistor 
R2, a reference transistor T2 which is a Scaled copy of the 
current Source output transistor T1, a differential amplifier 
DA1, and a bias voltage source E2. The resistor R2 is 
connected between the gate of the current Source output 
transistor T1 and the reference terminal GND. The differ 
ential amplifier DA1 has an inverting input DAN1 coupled 
to the bias Voltage Source E2. The input node X is coupled 
to a non-inverting input DAP1 of the differential amplifier 
DA1. The reference transistor T2 has its source connected to 
the reference terminal GND, its drain coupled to the input 
node X. The gate of the current Source output transistor T1 
and the gate of the reference transistor T2 are both connected 
to an output DAO1 of the differential amplifier DA1. Due to 
the Scaling the drain current of the current Source output 
transistor T1 is proportional to the drain current of the 
reference transistor T2, which in turn is equal to the current 
J1 Supplied by the current source CS1. 

The differential amplifier DA1 keeps the voltage at the 
input node X at a level dictated by the bias Voltage Source 
E2 and provides a drive signal to the gates of the transistors 
T1 and T2 in such manner that the output current provided 
by transistor T1 is proportional to the current from the 
current source CS1. The resistor R2 provides a low 
impedance path to Signal ground for RF signals on the 
LIN-bus wire LB, unwanted penetrating through diode D2 
and the drain-gate capacitance CDG of the current Source 
output transistor T1. The resistor R2 limits the rising output 
impedance of the differential amplifier DA1 at higher fre 
quencies and prevents modulation of the drive signal DS by 
the penetrating RF disturbances. 
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4 
FIG. 3 shows an embodiment with improved immunity 

against penetrating RF signals through the drain-gate capaci 
tance C of the current Source output transistor T1. The 
driver stage DRV has a second resistor R3 connected 
between the control electrode of the reference transistor T2 
and the reference terminal GND, and a second differential 
amplifier DA2. The second differential amplifier DA2 has an 
inverting input DAN2 and a non-inverting input DAP2 
coupled to the inverting input DAN1 and non-inverting 
input DAP1, respectively, of the first differential amplifier 
DA1. The control electrode of the output current source 
transistor T1 is connected to an output DAO2 of the second 
differential amplifier DA2 and the control electrode of the 
reference transistor T2 is connected to the output DAO1 of 
the first differential amplifier DA1. In this embodiment the 
reference transistor T2 and the current Source output tran 
Sistor T1 have Separate resistors between their control elec 
trodes and the reference terminal GND and also have 
Separate differential amplifiers having inputs connected to 
the same bias Voltage Source and the same input Signal. This 
dual driver concept improves the Suppression of unwanted 
RF signals. 

FIG. 4 shows a simple transistor embodiment of the dual 
driver concept of FIG.3. The first differential amplifier DA1 
is implemented with transistor T3 and the second differential 
amplifier DA2 is implemented with transistor T4. The gates 
of the transistors T3 and T4 are connected to the input node 
X and the drains of the transistors T3 and T4 are connected 
to the positive supply terminal PST. The source of transistor 
T4 is connected to the first resistor R2 and drives the gate of 
the current Source output transistor T1. The Source of 
transistor T3 is connected to the second resistor R3 and 
drives the gate of the reference transistor T2. The sum of the 
gate-Source Voltages of the transistors T2 and T3 replaces 
the bias Voltage Source E2 and dictates the Voltage at the 
input node X. A capacitor C1, connected between the input 
node X and the reference terminal GND, is added to block 
any RF signal that could be transferred to the input node X 
through the drain-gate capacitance C of the current Source 
output transistor T1 and the gate-Source capacitance Cs of 
the transistor T4. 

FIG. 5 shows a further elaborated embodiment. It has an 
input terminal INT for receiving the data signal TXD. A first 
current Source CS1 is coupled to the input node X and 
Supplies a current J1 in response to the data Signal. The 
current is ramp shaped as shown for V, in FIG. 1. A ramp 
generator RG has an input RGI coupled to the input terminal 
INT for receiving the data signal TXD and has an output 
RGO for Supplying a ramp Signal in response to the data 
signal. The first current source CS1 has a control input CS1 
coupled to the output RGO of the ramp generator RG and 
Supplies the ramp shaped current to the input node X. When 
the current J1 Starts ramping up from Zero, it has to charge 
the capacitance C1 and any parasitic capacitance at the input 
node X. This causes unwanted delay, which delay is pre 
vented by an extra charger circuit. For this purpose a 
transistor T8 is connected between the Supply Voltage ter 
minal PST and the input node X. A bias current source CS2 
is coupled between the input node X and the reference 
terminal GND for supplying a bias current J2 to the tran 
Sistor T8. A Series arrangement of a transistor T7, a transistor 
T6 and a transistor T5 is connected between a further node 
Y and the reference terminal GND. The transistors T5, T6 
and T7 each have its gate connected to its drain, the gate of 
the transistor T7 is connected to the gate of the transistor T8 
and the drain of the transistor T7 is connected to the further 
node Y. A bias current source CS3 is coupled between the 
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supply voltage terminal PST and the further node Y and 
supplies a bias current J3 to the further node Y. A transistor 
T9 is connected between the further node Y and the refer 
ence terminal GND and has its gate coupled to the input 
terminal INT for receiving the digital data signal TXD. 

When the digital data signal TXD is higher than the 
threshold voltage V, of transistor T9 (digital “1”), the 
current J3 from current source CS3 entirely runs through 
transistor T9 thereby making the voltage at the further node 
Y Zero and making the current through the transistors T5 to 
T8 also Zero. At the same time the ramp generator RG drives 
current Source CS1 to have Zero current J1. Current Source 
CS2 pulls the voltage on node X to zero and ensures that the 
current Source output transistor T1 is Switched off com 
pletely. The voltage V, on the LIN bus LB then equals the 
supply voltage VBAT. 

When the digital data signal TXD changes to a value 
lower than the threshold voltage V, of transistor T9 (digital 
“0”), transistor T9 is cut off and the current J3 from current 
Source CS3 flows through the transistors T5, T6 and T7 and 
creates a bias Voltage on the gate of transistor T8 equal to 
three gate-Source Voltages 3Vs. It is further assumed that 
transistor T5 is matched with transistor T1, transistor T6 is 
matched with transistor T3 and transistor T7 is matched with 
transistor T8. Then the Source of transistor T8 is in effect a 
Voltage Source with a voltage equal to the Sum of the 
gate-source voltages of the transistors T5 and T6, which 
quickly charges the capacitance at the input node X. The 
transistors T5 and T6 are scaled such that just no current 
flows through the transistors T1 and T2. The digital “0” at 
the input RGI of the ramp generator RG causes an increasing 
ramp signal at the output RGO and the current J1 of current 
Source CS1 will increase and will charge the capacitance at 
the input node X above the Sum of the gate-Source Voltages 
of the transistors T5 and T6, and after a short time the 
transistors T1 and T2 start conducting. So, without any 
Significant delay, the current through the current Source 
output transistor T1 will increase and will pull down the 
voltage on the LIN bus LB until it reaches ground level. The 
voltage on the LIN bus LB makes a transition from the level 
of the Supply voltage VBAT to ground level. 
A change in the data signal TXD back to a digital “1” 

reverses the process. The Voltage Source made from tran 
sistor T8 is Switched off by transistor T9 and the ramp 
generator RG decreases the current J1 to Zero, enabling the 
voltage on the LIN bus LB to turn back to the level of the 
supply voltage VBAT. The voltage on the LIN bus LB makes 
a transition from the ground level to the level of the Supply 
voltage VBAT 

In the embodiments unipolar or MOS transistors have 
been shown by way of example. Bipolar transistors can be 
used as well. In that case the control electrode, the first main 
electrode and the Second main electrode correspond to the 
base, emitter and collector, respectively, of the bipolar 
transistor. 
What is claimed is: 
1. A line driver comprising: 
a driver output terminal for connection to a line to be 

driven; 
a reference terminal for connection to a reference Voltage; 
a current Source output transistor having its first main 

electrode coupled to the reference terminal and its 
Second main electrode coupled to the driver output 
terminal; and 
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6 
a driver Stage for providing a drive Signal for a control 

electrode of the current Source output transistor in 
response to the input Signal, the driver Stage compris 
ing: 

a first resistor connected between the control electrode of 
the current Source output transistor and the reference 
terminal, a reference transistor having a control 
electrode, a first main electrode connected to the ref 
erence terminal and a Second main electrode coupled to 
an input node, the input node being connected to 
receive the input signal; 

a Second resistor connected between the control electrode 
of the reference transistor and the reference terminal; 

a first transistor having its control electrode coupled to the 
input node, its first main electrode coupled to the 
control electrode of the reference transistor and its 
Second main electrode coupled to a Supply Voltage 
terminal; and 

a Second transistor having its control electrode coupled to 
the input node, its first main electrode coupled to the 
control electrode of the output current Source transistor 
and its Second main electrode coupled to the Supply 
Voltage terminal. 

2. A line driver as claimed in claim 1, further comprising: 
an input terminal for receiving a data Signal; 
a first current Source coupled to the input node for 

Supplying a current in response to the data Signal; 
a third transistor connected between the Supply Voltage 

terminal and the input node, 
a Second current Source coupled between the input node 

and the reference terminal for Supplying a bias current 
to the third transistor; 

a Series arrangement of a fourth transistor, a fifth transistor 
and a Sixth transistor connected between a further node 
and the reference terminal, said fourth, fifth and sixth 
transistors each having its control electrode connected 
to its Second main electrode, the control electrode of the 
fourth transistor being connected to a control electrode 
of the third transistor and the second main electrode of 
the fourth transistor being connected to the further 
node, 

a third current Source coupled between the Supply Voltage 
terminal and the further node for Supplying a bias 
current to the further node, and 

a Seventh transistor connected between the further node 
and the reference terminal and having a control elec 
trode coupled to the input terminal for receiving the 
data Signal. 

3. A line driver as claimed in claim 2, further comprising 
a ramp generator having an input coupled to the input 
terminal for receiving the data Signal and an output for 
Supplying a ramp Signal in response to the data Signal, the 
first current Source having a control input coupled to the 
output of the ramp generator for Supplying a ramp shaped 
current to the input node. 

4. A line driver as claimed in claim 1, further comprising 
a capacitor connected to the input node. 
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